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(57) Abstract 



A novel molding powder that is made of comminuted, sheared particles of expanded porous FIFE, which can be molded in isostatic 
or compiession moiding techniques to obtain molded articles having high strength. 



FOR THE PURPOSES OF INFORMATION ONLI 



Codes used to identify States party id the PCI* oa dte bom pages of pamphlets publishing intematioDal 
iqiplicatioas under (he PCT. 



AT 


Aiutria 




UoUfid Kip^atn 


hm 


Mavilaoia 


AU 


AiBtntu 


GE 


Geortia 


MW 


Malawi 


E8 


Baibtdot 


GN 






?*>Aef 

NelfaeilaDili 


■e 


Bdgiaai 


GR 


Greece 


NL 


BF 


BurimiA Fmo 


BV 


Hin«i*y 


NO 


Norway 


•G 


BnlgsiA 


IE 


IieliDd 


NZ 


New Zealand 


BJ 


Beam 


IT 


Italv 


PL 


Poind 


BR 


BnzU 


JF 


JaEtttt 


PT 


Portugal 


BY 


Bdara 


K£ 


Kenya 


RO 


SoauDia 


CA 


Caaada 


KG 


Kyifystaa 


RD 


RiiMija Fedcratioo 


CF 


Ceotnl Afiricfto Republic 


KP 


Deaocnbc People*! Republic 


SD 


Sudan 


CG 


Congo 




of KotCA 


SE 


Sweden 


CH 


Switzcrtiod 


KR 


Republic of Korea 


SI 


Slovenia 


a 


cote dlvoire 


KZ 


Kazakbauto 


SK 


Slovakia 


CM 


CunoooD 


U 




SN 


Senegal 


CN 




LK 




TD 


Chad 


CS 


C^Bcboiloviku 


LU 


Lmemboui^g 


TO 


Togo 


cz 


CncfaRepgbbc 


LV 


Latvia 


TJ 


Tajadatan 


DE 


Gennany 




Mcnaoo 


TT 


Itinidad and Tobago 


DK 


DcoDiark 


MD 


RcpiMlcofMotdova 


OA 


Uknine 


ES 


Spain 


MG 


Madagaacar 


US 


United Sta^ of Ammca 


n 


Rnlaod 


ML 


Man 


uz 


UzbdoAm 


FR 


fVaooc 


MN 


MoogouA 


VN 


Vie«Naa 


GA 


Gabon 











wo 94/19162 



-1- 



PCT/US93/04905 



TITLE OF THE INVENTION 

PolytetrafluoroGthylene Molding Powder and Processes 

FIELD OF THE INVENTION 

This invention relates to polytetrafluoroethylene molding 
5 powders useful in compression molding techniques . 

BACKGROUND OF THE INVENTION 

Polytetrafluoroethylene (PTFE) is made in two distinct forms 
by different processes. One form is the so-called "fine powder" 
form produced by polymerizing tetrafluoroethylene in an emulsion so 
10 that the polymer particles do not precipitate. After 

polymerization is complete the particles are coagulated. This form 
of PTFE cannot be compression molded. 

On the other hand, the so-called granular form of 
polytetrafluoroethylene is produced by polymerization of 
15 tetrafluoroethylene and precipitation in situ as the polymerizate 
forms. This form of polytetrafluoroethylene can be compression 
molded by taking the polymer powder, filling a mold, compressing 
the powder in the mold while heating it to coalesce the powder, and 
then removing the compressed powder from the mold. The resulting 
20 molded articles are not as strong as desired and ways of making 

stronger molded articles of polytetrafluoroethylene are continually 
sought after. 

SUHMARY OF THE INVENTION 

In this invention a new form of polytetrafluoroethylene has 
25 been found to be compression moldable and to provide strong molded 
articles. 

The new form is a compression molding powder comprised of 
comminuted, sheared particles of expanded porous 
polytetrafluoroethylene, said particles having a bulk density of 
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between .06 and .2 g/cc, a nudular-microf ibrillar structure of 
irregular shape, and a mean particle size between 5 and 500 
micrometers. 

One process of this invention is an improvement in the process 
5 for molding articles from polytetrafluoroethylene in which 
polytetrafluoroethylene granular powder is placed in a mold, 
compressed, removed from the mold, and sintering at above 327 **C; in 
which the invention is the improvement which comprises employing as 
the polytetrafluoroethylene, particles obtained from porous, 
10 stretched polytetrafluoroethylene (ePTFE) that has been comminuted 
by grinding to an average size of between about 40 and 100 
micrometers. 

The particles are comminuted by grinding and have an irregular 
and rugged shape obtained by the snearing motion of the grinding. 

15 BRIEF DESCRIPT ION OF THE DRA WINGS 



Figure 1 is a temperature/pressure trace of an autoclave cycle 
during mold of the molding powdi*r of the invention. 

Figure 2 Is stress vs. st)iMlft graph of form different PTFE 
molding resins. 

20 DETAILED DESCRIPTION OF THE INVENTION 

It is well Icnown to stretch polytetrafluoroethylene (PTFE) 
sheet or tape to form roicroporous expanded PTFE (ePTFE) that is 
characterized by nodes interconnected by fibrils. A general 
procedure for this stretching technique is described in USP 

25 3,953,566. Once a sheet, tape, tube or rod of stretched porous 
PTFE is obtained, particles of the sheet or tape are produced by 
shredding or chopping porous expanded PTFE, (unsintered or 
sintered) to reduce it to small pieces, e.g. of about 5 to 10 
millimeters largest dimension. These particles are then ground in 

30 water between closely spaced grinding surfaces to obtain sheared 
and ground particles of porous expanded PTFE, then separating the 
sheared and ground particles from the water and drying the 
particles. Preferably the porous expanded PTFE that is used in 
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this invention was expanded at least 8:1 times its original length 
and more preferably 50:1 or more. There is no upper limit on 
degree of stretching. Any suitable apparatus for grinding or 
comminuting tough polymeric or elastomeric materials may be used 
5 for producing the porous expanded PTFE particles, such as the 
apparatus disclosed in US-A-4614310 and US-A-4841623. 

This apparatus employs two parallel stones having a hole in 
the middle of the stones, affixed on a common axis but secured 
circumferentially and rotating at high speeds (3600 rpm) in 

10 opposite directions of each other. Material to be ground is 

coarsely cut and mixed with water to produce a wet slurry and then 
the slurry is placed in the middle of the rotating stones. The 
material is iiioy?d or slung by centrifugal force across the surface 
of the stones. A hydrodynanic layer is created between the closely 

15 spaced rotating stones and the water slurry. This hydrodynamic 
layer forces the particles on the stone's surface outwards across 
the stone. Sire reduction of the particle occurs as the particle 
bumps into and along the stone's sharp edges located on the stone's 
surface as the particle travels along its torturous path from near 

20 the center of the stone to the outside of the stone. 

It is important that the gap between the stones is kept 
sufficiently tight so that a strong hydrodynamic layer is 
maintained between the stones, forcing the particles outwards. If 
the gap is not sufficiently tight » the particles will ride in the 

25 center of the hydrodynamic layer and not touch the stone's surface 
resulting in no size-reduction of the particle. 

The overall amount of size reduction is a function of the 
stone's grit sizei and tlie time the particle is exposed to the 
stone. The space between the stone comes into play by maintaining 

30 a hydrodyamic layer between the stones. Once the gap between the 
stones is sufficiently narrow to allow size-reduction to occur, 
then any further gap narrowing will not lead to a decrease in 
particle size. However, ^he gap dimension is critical to the 
overall particle size variance. The tighter the gap between the 

35 stones after the hydrodynamic layer is created, the more consistent 
mean particle size is produced. This is due to the probability of 
particles entering and leaving the hydrodynamic layer during the 
grinding operation due to the strength of the hydrodynamic layer 
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and the kinetic energy of the particle as it tranverses its path 
betweent he stones. The tighter the gap between the stones, the 
less likelihood the particle can enter into the center of the 
hydrodynamic layer and not be size-reduced. 
5 The comminuted particles of porous expanded PTFE retain their 

nudular-fibrillar microstructure. The particles are 
characteristically irregularly shaped and may be somewhat ragged as 
a result of shearing and splitting the porous expanded PTFE pieces 
during the grinding process. The particles have a mean particle 

10 size of between 5 and 500 micrometers. The conminuted ePTFE 

material, with its high surface area and fibrillar, porous nature, 
is suited for use as a molding powder. 

For use in the procedure for compression molding 
polytetrafluoroethylene, the new comminuted porous expanded PTFE is 

15 placed in a mold of a desired shape. A vacuum can be drawn, if 
desired, and then the material is compressed at pressures of 
between 1500 and 6000 psi (100 and 412 bar) at a temperature 
between 20' (ambient) and 380*C and for a time of between 1 second 
and several minutes to reach equlllbrlUH. With the use of vacuum 

20 and heat, lesser coiq)ress1on loads are required to reach densities 
greater than 1 g/cc to full density 2.2 g/cc. 

Upon removal from the hot mold, the molded article can be 
cooled then sintered, or can h** directly sintered without cooling. 
By sintering Is meant that the molded article Is heated above 

25 327 'C for a period of time to reach equilibrium thermally to 
coalesce the ePTFE particles. 

In one type of molding operation, called hot isostatic 
molding, the comminuted, porous stretched PTFE particles are placed 
in a container and enclosed In an air-tight heat resistant 

3 0 wrapping. A vacuum is then drawn on the enclosed material to about 
20 inches of mercury (670 millibar). The enclosed vacuumed 
material is then pressurized in an autoclave to about 200-275 psi 
(14-19 bar) for 30-60 minutes at 350* - 400* C. The molded part is 
then removed and cooled. 

35 In another type of molding operation, called compression 

molding, the comminuted, porous stretched PTFE particles are placed 
in a mold and compressed to 1450 - 2500 psi (100 - 172 bar) at room 
temperature (15' - 25'C). If desired, the compression can take 
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place when a vacuum of about Is pulled on the article. If desired 
the compression molded article can be sintered at above the SZJ^'C. 

Using expanded PTFE that had been expanded about 30 times, the 
molded products had twice as much strength over non-oriented, i.e., 
5 nonexpanded, PTFE granular type molding powder. Moreover, the 

molding powder of this invention holds its shape after undergoing 
compressive load at room temperature of about 3000 psi (207 bar). 

Heating of molded articles above SZJ'^C creates a gel state 
which coalesces the molded particles and increases strength, 

10 The comminuted expanded PTFE molding powder will have 

differing morphologies depending on the starting material. For 
example, if ePTFE fiber is used, the comminuted molding powder 
particles have an aspect ratio and appear fluffy and springy. On 
the other hand molding powder particles comminuted from expanded 

15 PTFE membrane are plate-like. Flowability can be improved by 
partially sintering before comminution. 

The expanded porous PTFE used herein can have a coating of a 
plastic material on it, such as a coating of a thermopUstIc 
fluoropol ymer, and in particular a copolymer of tetrafluoroethylene 

20 and hexafluoroprqpylene (PEP) or a copolymer of tetrafluoroethylene 
and perfluoro alkyl vinyl ether. 

PREPmriON OF COMHlNlfTED EXPANDED POROUS 
POLYTETRAFUIOROCT HYLENE PARTICLES 

Expanded porous PTFE material was cut into pieces of about 6n«n 
25 (quarter inch) largest dinension in rotary cutting mill. The cut 
material was mixed with water to form a slurry, and the slurry fed 
between closely spaced grinding surfaces of a grinding mill, such 
as that disclosed in US-A-4841623, to crush and shear the pieces of 
porous expanded PTFE into particles small enough to pass through a 
30 325 mesh screen (44 microns). The ground slurry is then filtered 
or centrifuged to separate the porous expanded PTFE particles from 
the water, and the separated finely ground particles were oven 
dried at from 125* to 150*C. 

The product was a comminuted porous expanded PTFE material 
35 comprising finely ground particles of irregular shape. 
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The comninuted particles preferably will have a mean particle 
size between 40 and 100 urn, more preferably between 80 and 100 urn. 
Particle size was determined as follows: using a magnetic stirrer 
and ultrasonic agitation, 2.5 grams of milled ePTFE powder were 
5 dispersed in 60 ml isopropyl alcohol. (Ultrasonic Probe Model W- 
385, manufactured by Heat Systems-Ultrasonics, Inc.). Aliquots of 
4-6 ml of the dispersed particles were added to approximately 250 m 
of circulating isopropyl alcohol in a Leeds & Northrup Microtrac 
FRA Particle Size Analyzer. Each analysis consisted of three 30 

10 second runs at a sample circulation rate of 2 liters/minute during 
which light scattering by the dispersed particles is automatically 
measured and the particle size distribution automatically 
calculated from the measurements. 

The particles will preferably have an average surface area of 

15 between 1 and 3mVg«» 4* determined by specific surface area 
measured by a Leeds and Morthrup surface area analyzer. The 
surface area analyzer uses the BET(1} method to calculate surface 
area. In this sample analysis, the descrption isotherm of a single 
point analysis tns used to calculate the surface area. 

20 Example 1 

Comminuted , expanded, porous PTFE material prepared as 
described above was placed or* individual metal sheets, 14 inches by 
24 inches (355 nn x 610 nm) to a thickness of approximately 1/8 
inch (3 mm). A nomel household food blender was used to break-up 

25 clumps of the comirinuted materials before being placed on the metal 
sheets. A flour sifter was wsed aiding the laying down of the 
powders on the sheets uniformly. Strips of expanded porous PTFE 
tape 1/8 inch (3 nm) thick, 3/4 inch (19 mn) wide were placed on 
the perimeter of the metal sheets to stop any powder from falling 

30 off the metal sheets during the loading of the powder on the metal 
sheet . 

The individual sheets were then stacked on top of each other 
and placed on a metal bed that contains holes for evacuation. A 
loose sheet of KAPTON* from DuPont was placed over the stacked 
35 sheets and affixed to the metal bed with high temperature silicone 
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rubber material. The KAPTON sheet was loosely folded and attached 
to itself with the high temperature silicone rubber to make a 
collapsible envelope around the metal sheets containing the powder 
materials. 

5 The bed containing the stack sheets surrounded by the 

collapsible KAPTON sheet was then placed in a autoclave. A vacuum 
hose was connected to the metal bed so that a vacuum could be drawn 
on the powder. The KAPTON envelope around the stacked sheets 
containing the powder collapses on top of the stacked sheets as a 
10 result of the vacuum drawn on the powder. 

After a vacuum was obtained of at least 20 inches of mercury 
(677 alllibar), the material was then subjected to heat and 
pressure. The pressure is obtained by pressurizing the autoclave 
with CO2 gas. Tlie material was subject to 250 psi (17.2 bar) 
15 pressure for approxiinately 55 minutes and a maximum temperature of 
375*C for about 45 minutes. The typical cycle is two and one half 
hour in duration. 

After the autoclave cycle^ the bed containing the sheets was 
removed from the autoclave , cooled to room temperature and 
20 disassembled. The molded PTFE sheets are easily peeled from the 
metal sheets. 

Samples subjected to the foregoing procedure were comminuted 
ePTFE obtained frxm ePTFE expanded at an 8:1 ratio; comminuted 
ePTFE obtained from ePTFE fiber expanded at a 80:1 ratio; DuPont 
25 Co. Granular PTFE resin 7A; and DuPont Granular PTFE resin 9B. 
Figure 1 Is a typical trace of the autoclave cycle in which 
temperature and pressure are traced in real time. 

Below Is a table setting forth the tensile strength, young's 
modulus, and the ball plunger test as per ASTM 638 and ASTM 882 
30 test methods of the above materials. 
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TABLE 
STRENGTH RESULTS 



Material 


lensiic (p5i7 L^arj 


Young ' s 
Modulus fnsi ) fharl 


Ball Plunger 
ASTM D638 & 

ASTM D882 
lbs/in (thk) 

[u/cm thkl 


Cornni nuted 
ePTFE 8:1 


nean: 4525 [312] 
std: 605 [4Z1 


mean: 56560 [3900] 
std; 3322 [229] 


7560 
[1324] 


Comminuted 
ePTFE 60:1 


mean: 6118 [422] 
std: 548 [38] 


nean: 58400 [4026] 
std; 4835 [333] 


14375 
[2517] 


7A PTFE 
Resin 


nean: 333? [230] 
std: 821 [57] 


Man: 41570 [2866] 
std: 2845 [196] 


6480 
[1135] 


98 PTFE 
Resin 


mean: 3161 [216] 
std: 425 [29] 


mean: 49420 [3407] 
std: 2759 [190] 


7755 
[1358] 



As shown in the above table, the sanples of expanded, porous 
PTFE that were comnlnuted and molded using a hot Isostatic molding 
process, exhibited Increased tensile strength and young's nodulus 

20 over non-expanded materials undeirtfoing the same hot Isostatic 
molding process. The highly orienjted (80:1) ePVFE unslntered 
material that was connlnuted and processed using the hot isostatic 
process forming sheet samples was twice as strong (Tensile Strength 
& 1 inch (25.4 nm) Ball Plunger as per Test ASTM D638 and ASTM 

25 D882) as sheets formed in a similar manner consisting of granular 
polytetrafluoroethylene resins 7A & 9B from DuPont. 

The increased strength of the molded article consisting of the 
comminuted expanded, porous PTFt Is believed to be the result of 
retention of the strength of the original orlenxsd PTFE structure 

30 which posses high strength which was imparted by the expansion 
process. The conminuting process reduces the oriented structure 
having high strength into small particles which apparently remain 
oriented (for each particle in itself) and thus each particle has 
high strength as well. 

35 Figure 2 is a stress-strain plot comparing the products of 

this example after processing by the Hot Isostatic molding process. 
It is evident from Figure 2 that the overall stress-strain behavior 
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of the PTFE may be affected by the history (thermal, mechanical, 
etc.) of the PTFE before the molding process. The shape of molded 
comminuted expanded, porous PTFE fiber stress-strain locust is 
shown to be different from the other loci. The locust is concave 
5 down (i.e. 2nd derivative is negative, hence a decreasing 

stress/strain ratio) with no inflection point as shown in the other 
three loci . 

Example II 

A three-dimensional shape was produced hot-isostatically using 
10 comminuted unsintered 60RE-TEX® joint sealant. The shape consists 
of a 4.0 inch (101.6 ram) hollow cylindrical base capped off by a 
4.0 inch (101.6 mm) dome. The overall height was 3 1/2 inch (88.9 
mm) • 

A six part aluminum die was machined to produce the three- 
15 dimensional part. A concave and cylindrical plunger section that 
was used for conpresslng the powder against the convexed base of 
the die assembly and four curved plates for compressing the powder 
against the cylindrical section of the plunger (quarter sections). 
The die filled with the unsintered comminuted expanded, porous 
20 PTFE was wrapped In a KAPTCM bag and placed into the autoclave. A 
vacuum was drawn to at least 26 Inches (88 K Pascal) of mercury 
within the bag where t^e die was located thus subjecting the powder 
to the vacuum. Heat and pressure were applied to the die with 
similar conditions as In Example I using the autoclave cycle 
25 outlined. 

After the heat » pressure, vacuum, and cooling operation, the 
article was removed from the autoclave. The die was disassembled 
and the molded article was removed from the aluminum die. 

Example III 

30 A coating of comminuted expanded, porous PTFE material was 

placed on a 6 inch (152 mm) x 12 inch (305 mm) long aluminum drum 
using the hot-isostatic process. A tube having an inside diameter 
of 6.25 (159 mm) was placed over the 6 inch (152 mm) x 12 inch (305 
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mm) long aluminum drum which was standing on end on top of a rigid 
table. Comminuted unsintered expanded, porous PTFE (joint sealant) 
was filled in the 1/8 inch (3 mm) gap between the tube and drum. 
During the filling operation, a thin wall tube having an outside 
5 diameter of 6.22 inch (158 mm) and an inside diameter of 6.06 inch 
(154 mm) was placed in between the two articles tapping down the 
expanded, porous PTFE powder by hand. When the die assembly was 
filled with the expanded, porous PTFE powder, the die was placed in 
a press. Using the thin wall tube, the powder was subjected to a 
10 100 psi (690 K Pascal) pressure in the axial direction of the 

aluminum drum. This pressing operation made the ePTFE powder semi- 
rigid around the drum and allowed for e;^sy handling of the drum for 
further operations. 

Four 12 inch (305 tini) long quarter panels having each an 
15 inside radius of approximately 3.1 inch (78.7 mn) were taped 

equally spaced to the outside of the drum using high temperature 
KAPTON Adhesive tape. A bag of KAPTON sheet material was made into 
a large loose envelope. The drum coated with the comninuted 
expanded, porous PTFE pbwder having the four quarterpanel strapped 
20 to it, was placed In the KAPTON bag and sealed suing high 
temperature silicone rubber. 

A fitting was placed through one side of the KAPTON bag so to 
draw a vacuum inside the ba^. The base assenfbly was then placed in 
the autoclave and subjected to heat » pressure, and vacuum with 
25 similar conditions as Stated in Example I. Following the autoclave 
process, the drum was cooled to room temperature and the four 
quarter panels were removed. The resulting structure was a drum 
coated with PTFE having four ridges equally spaced along the axis 
of the drum which protruded from the coating. The ridges are the 
30 result of the interfacing of the four quarter panels as the panels 
moved towards the enter axis the drum during the compression 
operation in the autoclave. 

The PTFE coating on the drum was then machined on the lathe 
using tool steel as the cutting tool. The PTFE coating machined 
35 very nicely producing a smooth uniform finish. 

The coating on the drum did not rotate or move on the drum 
during the cutting/turning operation. This means the coating was 
securely affixed to the drum, even though no adhesive was used to 
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bond the PTFE to the aluminum drum. It is doubtful that there 
exists a chemical bond between the two materials based on the 
chemical inertness of the PTFE. It is believed that the bond is a 
frictional bond between the two surfaces resulting from the thermal 
5 expansion of the two materials during the autoclave operation but 
especially due to the retractive qualities of the PTFE through 
thermal cycling. 

Example IV 

Comminuted expanded porous PTFE was molded using the die form 

10 compression method. Placing comminuted expanded, porous PTFE 

powder in a die and compressing the material to 1500 psi (10.34 M 
Pascal) or greater yielded rigid shapes. Greater loads such as 
2500 psi (17.24 Hega Pascal) that the powder was subjected to tends 
to produce articles having densities near to full density PTFE at 

15 2.2 grams/cc. The use of vacuum also aides in the densification 

aspect of compressioh die molding to reduce the void content of the 
article. The shape of the article depends on the shape of the 
compression die. Further strength can be gained by sintering the 
molded PTFE article at a temperature between 327 *C and PTFE's 

20 sublimation temperature. Using the die* form compression process, 

the material is able to hold a shape after undergoing a compressive 
load at room temperature of about 3000 psi (20.68 Mega Pascal) 
restrained in the desired shape. As typical of molded PTFE 
articles, substantial strength is Imparted to the molded article 

25 upon heating above the melt temperature (327 *C) thus placing the 

article in the gel state thereby coalescing the particles and then, 
cooling the article below the melt temperature. Moreover, the 
sintered PTFE article can be post formed as well by heating. 

Maintai ni ng the Oriented PTFE Structure 

30 It is shown by Differential Scanning Calorlmetry (DSC) that 

hot-isostatically molded articles of comminuted expanded, porous 
PTFE demonstrate a molecular transition of about 379 *C which 
suggests an oriented PTFE structure. A hot-isostatically molded 
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article consisting of comminuted PTFE membrane, the endothermic 
energy measured during the first heat at the about 379 ''C transition 
was 0.27 cal/grani verses 6.52 cal/gram at the about 328**C 
transition during the same trace. 
5 A Thermogravimetric Analysis (TGA) was performed on the 

comminuted ePTFE material to determine whether any contaminates 
were present. No contaminant was found between 40** to 840 **C. 
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I CLAIH; 

1. A molding powder comprised of comminuted, sheared 
particles of expanded, porous polytetrafluoroethylene, . said 

5 particles having a bulk density of between 0.6 and 0,2 g/cc, a 
nudular-microfibrillar structure of irregular shape, and a mean 
particle size between 5 micrometers and 500 micrometers. 

2. Process for preparing the molding powder of Claim 1 which 
comprises: 

10 a) subjecting expanded porous polytetrafluoroethylene 

which has been expanded by stretching it by at least an 8:1 stretch 
ratio and which has been divided into particles of 10 millimeters 
or less, to a grinding force until particles having an irregular 
shape and a size of between 5 and 500 micrometers are obtained. 

15 3. In the process for molding articles from 

polytetrafluoroethylene in which polytetrafluoroethylene granular 
powder is placed in a mold, compressed, removed from the mold, and 
sintering at above ZZT'C; the improvement which comprises employing 
as the polytetrafluoroethylene, particles obtained from porous, 

20 stretched polytetrafluoroethylene that has been comminuted by 

grinding to a mean particle size of between 5 and 500 micrometers. 
4. A shaped article molded by the process of Claim 3. 
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